Background: The objective of this study was to evaluate the efficiency and safety of microwave thermal ablation in the treatment of skip metastases in extremity osteosarcomas. Osteosarcoma of extremities with skip metastases has a poor prognosis, and thus, microwave thermal ablation presents an attractive minimally invasive option in this patient group. Methods: A retrospective review included a cohort of 76 patients with extremity osteosarcoma in one institute, of which five cases (6.6%) showed skip metastases. Skip lesions located in proximal femur and primary sites were distal femur in all five patients. The authors treated skip lesions using microwave thermal ablation after primary tumors were removed at wide margins. Procedural efficacy and safety were determined with postoperative MSTS score and follow-ups of 12-62 months (median 22 months). Results: The ablation time was five to nine minutes (mean seven minutes). Taking advantage of Microwave-induced hyperthermia, wide resections of distal femur and endoprosthesis reconstructions were performed instead of total femoral resection and replacement in four patients, and above-knee amputation was performed instead of hip disarticulation in one patient. The postoperative hip functions were intact and the mean lower extremity MSTS score was 26. Three patients died at 12-22 months after definitive surgery because of pulmonary metastases, and two patients remained disease-free at 44 and 62 months after surgery, respectively. No local recurrence either at sites of primary tumors or skip lesions was found at time of the latest follow up. Conclusion: Microwave thermal ablation is efficacious in treating skip metastases of osteosarcoma in extremities. The modality has promise for good local control of tumors, less invasive surgeries, and intact and satisfied lower extremity functions in these relatively poor prognosis patients. Level of evidence: Therapeutic Level III.
Osteosarcoma tends to localize at metaphysis of long bone in children and adolescent extremities. Skip metastases (synchronous regional bone metastases) may present in high grade ostersarcoma 1 With the development of diagnostic imaging especially for the progress of Magnetic Resonance Imaging, skip metastases in osteosarcoma of extremities could be clearly identified before definitive surgery. The incidence rate of skip metastases was reported to be 1.4-10% in the literature. 2, 5 Surgical treatment of skip metastases in extremity osteosarcoma remains a challenge. It has been widely accepted that the entire tumor-bearing bone should be removed as one compartment according to wide resection principle if skip metastasis occurred, no matter tumor sizes of these skip lesions, leading to more invasive surgeries, difficulties in reconstruction and relatively poor joint functions. Unfortunately, osteosarcoma patients with skip metastases had relatively poor prognosis. 2, 3 So a better short-term joint function should be concerned to improve life quality. But the existence of skip metastases may impede the surgical choice.
The authors treated skip metastases in extremity osteosarcoma with microwave ablation and achieved very good balance between surgical margins and functional outcomes.
Materials And Methods
Seventy-six patients of osteosarcoma in extremities were retrospectively analyzed from October 2012 through September 2018. Five cases (6.6%) were found to have skip metastases by preoperative plain radiographs, MR imaging and Tc-99m bone scan. Two cases were male, three female, aged eight to 18 years with a median age of 13 years. Primary sites were all located at distal femur and tumors skip metastasized to proximal femur alone synchronous intramedullary canal. The primary tumors and skip metastases were identified with histologically confirmed high grade osteosarcomas in all five patients. At least one course of preoperative chemotherapy was administered and the response of chemotherapy varied. MR imaging showed skip metastases still existed without cortex involvement after preoperative chemotherapy. Four wide resections of tumor in distal femur and prosthetic reconstructions were performed when limb-salvages were indicated. One midfemur amputation was performed in a patient with major neurovascular bundle involved by massive tumor. Skip metastases were treated using microwave thermal ablation in all five patients ( Table 1 ). Written informed consents of patients or parents (for patients under 18 years of age) were obtained before enrolling into the study. This study was approved by the local Ethics Committee of the Fourth Medical Center of PLA General Hospital and conformed to the principles outlined in the declaration of Helsinki.
Preoperative planning was made based on imaging findings after chemotherapy to determine the osteotomy planes. Primary tumors were resected at a wide margin 3 cm beyond abnormal uptake, as determined by preoperative studies. The proximal marrows were sampled and sent to pathology for frozen section analysis. The surgical margins were confirmed to be free of tumor.
After wide resection of primary tumors, a 9-gauge microwave ablation antenna (3.0 mm, 20 cm long, Yigao Inc. Nanjing) and a thermocouple were inserted to the remaining intramedullary canal of femur. Using fluoroscopic guidance, the emitter of antenna was placed into or near the skip lesions. According to the preoperative plan, the angle and depth of the antenna were adjusted to ablate skip lesions ( Figure 1 ). The temperature inside the tumor should reach 80°C or higher with monitoring of thermocouple thermometer, and the surrounding soft tissues were protected with cold saline to ensure the temperature was lower than 40°C during the ablation. The ablation time of skip metastases was five to nine minutes, with an average of seven minutes depending on the size and the number of the skip lesions. Temperature at any part of the oval ablation zone exceeded 80°C and maintained for five minutes was considered as successful ablation. We also ablated all marrow tissues distal to skip lesions with interval of 2 cm gradually (the ablation time was shorter than 30 seconds each time) when the antenna was pulling out, particularly focused on the osteotomy site, even they were normal as appeared in preoperative imaging.
The ablated tumor tissues in the intramedullary canal were removed with a thorough curettage after the ablation. The bony reconstruction with endoprosthesis, or myodesis and myoplasty were performed subsequently. Adjuvant chemotherapy was administered postoperatively.
Lower extremities functions were assessed with MSTS score one month after surgery. Local recurrences were assessed with MRI or Tc-99m bone scan every three months in the first year after surgery and every six months thereafter.
Results
Taking advantage of microwave-induced hyperthermia, wide resections of distal femur and endoprosthesis reconstructions were performed instead of total femoral resection and replacement in four patients, and above-knee amputation was performed instead of hip disarticulation in one patient ( Figure 2 ). There was no wound complication and deep infection. The postoperative hip functions were intact in all patients allowing them to walk with crutches one week after surgery. The postoperative lower extremity functions were assessed one month after surgery, the mean MSTS score was 26. Five patients were followed up for 12 to 62 months, with a median of 22 months. Three patients (including patient with amputation) died at 12 to 22 months after definitive surgery because of pulmonary metastases, and two patients remained disease-free at 44 and 62 months after surgery, respectively. No local recurrence either at sites of primary tumors or skip lesions was found at time of the latest follow up. No long-term complication such as fracture and prosthetic infection occurred. patients of osteosarcoma, 10 (6.5%) patients with skip metastases were identified. All 10 patients eventually died. Ahmed 4 reported 116 cases of osteosarcoma patients, of which 12 cases (10%) showed skip metastases. All skip lesions were accompanied with the distant metastases. The author believed that skip metastasis was equal to systemic metastases and the prognosis was poor. In this study, we reported a cohort of 76 patients of osteosarcoma, five patients (6.6%) with skip metastases were identified preoperatively. Three patients eventually died and two patients are alive free of tumor. When considering the surgical management of skip metastases in extremity osteosarcoma, surgeons may encounter challenges. For instance, in the most common skip metastases of osteosarcoma which metastasize from distal femur to proximal femur along the intramedullary canal, total femur resection with endoprosthetic reconstruction should be performed in most cases 6 in terms of wide margin principle, leading to a more invasive surgery and a poorer short-term hip function. The surgeons may pay more attention to short-term limb function because of the poor prognosis in this patient group. In addition, most patients of osteosarcoma with skip metastases are children and adolescent whose acetabulum is immature. It is likely to cause instability and even hip dislocation if total femur replacement is performed 7 With regard to amputation, the function of above-knee prosthesis is better than that Figure 2 An 11-year old boy with massive osteosarcoma in the right distal femur got a very poor response for preoperative chemotherapy. Skip metastasis in intertrochanteric area was found in plain radiograph (A) and MR imaging (B) after preoperative chemo. The major neurovascular bundle was surrounded by tumor, leading to a mid-femur aboveknee amputation. With fluoroscopic guidance, a microwave antenna and a thermocouple (solid arrows) were inserted into the remaining intramedullary canal of the femur near the skip metastasis (hollow arrows) (C). Skip metastasis was removed with a thorough curettage (D) after the ablation. Myodesis and myoplasty were carried out and hip function was retained. No local recurrence of skip metastasis was found in Tc-99m bone scan 12 months after the operation (E). of hip disarticulation. But methods of salvaging the proximal femur are limited when the proximal femur is contaminated with skip metastases.
Discussions
Microwave thermal ablation has been used in the treatment of hepatic malignancies for decades and is considered to be an effective and safe procedure 8 This technology was extended to treatments of pulmonary 9 renal 10 breast 11 and thyroid 12 tumors recently. Microwave ablation has been wide accepted in the treatment of various benign and malignant musculoskeletal lesions as well 13 especially in osteoid osteoma 14, 15 and palliation of metastatic bone lesions. 16, 17 Most of these ablations were performed percutaneously. Fan et al 18 -20 have introduced microwave thermal ablation into treatment of primary bone malignancies in definitive surgery for more than two decades. Microwave ablation has also been used in treatment of spinal metastases combined with minimally invasive open decompression 21 The authors have used microwave thermal ablation in treatment of skip metastases in osteosarcoma of extremities and summarized it has the following advantages:
1. Microwave thermal ablation can satisfy the principle of wide resection of osteosarcoma. Earlier experimental studies have showed that the tumor cells will be ablated in five minutes in excess of 60°C. 22 Because the intramedullary canal of long bone is a relatively closed and narrow compartment, it is capable of generating very high temperatures in skip lesions, often in excess of 100°C in the center of an oval ablation zone, achieving a "wide" surgical margin. The cortical bone is an ideal barrier to isolate thermal power in the confined canal, and the temperature of surrounding normal tissues is easy to be controlled below 40°C. Negative histological results of osteotomy plane based on preoperative MR imaging were identified in all five patients in this study. Even if osteotomy planes are histological positive, the marrow of stump can be ablate readily using microwave ablation to achieve satisfactory local control, as long as there is no extraosseous mass around. 2. The procedure of microwave thermal ablation is feasible and easy to operate, which could reduce surgical invasiveness and operation time. The proximal femur is salvaged without any wide detachment. The only thing needs to do is inserting the microwave ablation antenna into the intramedullary canal of remaining femur. Reconstruction after the ablation is relatively easy as well. The distal femur replacement takes shorter time compared with total femur replacement. 3. The postoperative hip function is intact and shortterm limb function is good. The short-term function is very important in osteosarcoma patients with skip metastases because of poor prognosis. There are some disadvantages of microwave thermal ablation when treating skip metastases in extremity osteosarcoma. Microwave thermal ablation of metastases in the proximal femur may cause damage to the cartilage of the femoral head when lesions are located in femoral neck, leading to secondary hip degeneration if a longer survival is anticipated. Other limitations of microwave system in treating tumors percutaneously, such as shaft heating, large diameter antenna and long ablation zone 8 are not obstacles in treating intramedullary metastases in surgery.
The authors believe that microwave thermal ablation may meet the principle of oncologic resection, decrease the surgical invasion, and provide good short-term function in dealing with skip metastases in extremity osteosarcoma.
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